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T. G. Scuderi examines a specimen of 
chemically strengthened glass that 
is undergoing a modulus of 

rupture test. 


Research laboratories, aircraft man- 
ufacturers, and users of safety glass 
are finding an increasing number of 
applications for chemically strength- 
ened glass. Not only does this glass 
have high mechanical strength but it 
also can be produced in thin cross 
sections to achieve light weight. Glass 
with these properties may be used for 
aircraft windshields, safety lenses, 
and in construction of underwater 
apparatus. 

Chemically strengthened glass is 
made by placing the glass surface in 
compression. This is accomplished 
by surface crystallization, ion replace- 
ment in the surface, or some combina- 
tion of the two processes. 

To facilitate applications of such 
glass, the NBS Institute for Materials 
Research, at the request of the Air 
Force Materials Laboratory, has eval- 
uated its mechanical properties at 
temperatures from 24 to 600 °C. 
These tests, conducted by M. J. Ker- 
per and T. G. Scuderi, have measured 
Young’s modulus, shear modulus, and 
the modulus of rupture for the glass 
at these temperatures. In addition, 
its mechanical properties and delayed 
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Mechanical Properties 
of Chemically 
Strengthened Glass 


AT ELEVATED TEMPERATURES 


elasticity were compared to those of 
thermally strengthened glass. 

In the NBS tests, specimens of two 
sizes were used. Samples of each size 
were supplied from two manufac- 
turers. One size was 10 in. by 114 in. 
by 14 in., as recommended by ASTM. 
The other size, 6 in. by 1 in. by 0.1 in., 
had the thickness that manufacturers 
deem desirable for many applications. 


Elasticity 


Young’s modulus and shear modu- 
lus were determined by a dynamic 
resonance method.? Measurements 
were obtained during two heating and 
cooling cycles. During these cycles 
the temperature was raised at the rate 


- 


of 80 deg C per hour up to 600 °C and 
then cooled at 50 deg C per hour, At 
approximately 50-deg intervals be- 
tween room temperature and 600 °C 
the temperature was held constant for 
10 minutes. This allowed the speci- 
mens to come to thermal equilibrium 
for measurements. 

The information from these tests 
revealed the following: (1) Young’s 
modulus and the shear modulus de- 
creased as temperature increased. 
(2) Young’s modulus plotted in rela- 
tion to temperature showed an inflec- 
tion in the curves, slightly above room 
temperature, with each of the harmon- 
ics displaced to higher temperatures 
in the inflection regions. This dis- 

continued 
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GLASS continued 


placement revealed the frequency- 
dependent characteristics of relaxa- 
tion phenomena, and indicated an 
internal friction peak. (3) It was 
also found that the glass had a con- 
siderable reduction in center stress 
after heating, with no reduction of 
Young’s modulus. This reduction in 
stress well below the annealing range 
of the glass is caused by a composi- 
tion-induced migration of ions. 

The specimens were also tested for 
delayed elastic effect. In this test the 
samples were loaded in flexure using 
the two-point loading method. The 
same loading and support spans used 
in the modulus-of-rupture testing were 
employed except that rollers were 
substituted for knife edges. 

Two 10 inch by 114 inch by 14 inch 
thermally tempered specimens were 
included in the elastic properties study 
for the purpose of comparison. The 
results of this comparison were as 


YOUNG'S MODULUS, I0® psi 


Young’s modulus and sheer 
modulus are shown in relation 
to temperature during two 
heating and cooling cycles 

for chemically strengthened 
glass. 


SHEAR MODULUS, 108 psi 


follows: (1) Chemically strengthened 
glass shows no appreciable change in 
elasticity after repeated heating to 
600 °C for short periods of time (15 
min), whereas thermally heated glass 
shows increased elasticity after the 
first heating. (2) At room tempera- 
ture chemically strengthened glass 
shows nearly five times as much 
delayed elastic effect as thermally 
strengthened glass. 


Strength 


The modulus of rupture tests were 
performed on abraded and unabraded 
specimens, using the two-point load- 
ing method. Samples were tested at 
temperatures of 24, 93, 149, 204, and 
260 °C. In order to study the effect 
of long-time exposure to temperature 
some specimens were held at elevated 
temperatures for periods of 100, 300, 
and 500 hours, then allowed to cool to 
room temperature previous to the 
tests. 

The specimens were heated to the 
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desired temperature, held for 10 min- 
utes to attain thermal equilibrium, 
then tested to failure. In addition, 
two rates of loading were tested. One 


group of samples was loaded at 
10,000 psi-min and another at 60,000 
psi-min. 


The results of these tests permit 
the following observations: (1) The 
modulus of rupture is not affected by 
short exposure to temperatures up to 
260 °C but drops appreciably when 
the specimens are exposed to tempera- 
tures above 204 °C for 200 hours or 
more. (2) The rate of loading made 
no appreciable difference in results. 
(3) Abrading reduced the strength by 
25 to 30 percent. (4) All unabraded 
specimens failed from the edge, indi- 
cating that edge condition controlled 
the strength of the glass. 


1 For further technical details, see Mechanical 
properties of chemically strengthened glass at 
elevated temperatures, by M. J. Kerper and T. G. 
Scuderi, J. Am. Ceramic Soc. (in press). 

“Accurate computation of elastic moduli, NBS 
Tech. News Bull. 47, 3 (1963). 


Coming Next Month... 


Special dedication issue of the Technical News Bulletin—a survey of the Bureau’s new facilities at 


Gaithersburg, Md. 


174: 


NBS Technical News Bulletin 


Titanium Alloy 
Tested For Strength 


Effects of Temperature and 
Notch Geometry Evaluated 


Both aircraft and space industries have increasing need 
for metals and alloys that have high strength-to-weight 
ratios and good notch toughness. An indication of dura- 
bility, notch toughness (or notch sensitivity) is related to 
the ratio of the tensile strength of a notched specimen to 
the tensile strength of an unnotched specimen at the same 
temperature. One alloy that has these favorable charac- 
teristics is that of titanium—8 aluminum—1 molybdenum— 
1 vanadium. 

To facilitate applications of this alloy, the NBS Insti- 
tute for Materials Research has recently completed a 
study of its mechanical properties. This study,’ by 
William D. Jenkins and William A. Willard, has deter- 
mined the effects of temperature [75 to 1200 °F (24 to 
649 °C)] and notch geometry (depth and angle) on the 
tensile and yield strength of the alloy. 

The NBS tests were performed on cylindrical notched 
and unnotched rods that were approximately 6.5 inches 
(16.25 em) long and 1 inch (2.5 cm) in diameter. The 
notched rods had circumferential V-notches cut at their 
midpoints. The desired notch geometry was obtained by 
cutting a notch in each specimen to the same notch diam- 
eter. The outside diameters were then reduced varying 
amounts to produce the desired notch depth (10 to 85 
percent). 

All specimens were duplex annealed. First they were 
heated to 1750 °F (945 °C) and held for one hour. This 
was followed by a stabilizing anneal for 8 hours at 1050 
HeqoO le). 

Tensile properties were determined on a_ hydraulic 
machine whose crosshead movement was controlled to pro- 
duce 1 percent of strain per min for each specimen. For 
each test the specimens were heated to the desired tem- 
perature by means of a tube furnace. They were held at 
this temperature for one hour to obtain thermal equilib- 
rium, then tested to fracture. 

The yield strength values of the alloy were calculated 
for the unnotched specimens by the 0.2 percent offset 
method. For the notched specimens values of yield 
strength were based on the stress at the first observable 
occurrence of plastic deformation. These values were 
further confirmed by load-time observations made 
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throughout the tests. True stress at fracture values were 
calculated by dividing the load at fracture by the cross- 
sectional area of the specimen after fracture. 

Results of the tests for both tensile and yield strength 
show that: (1) strength decreased as the temperature was 
increased; (2) strength increased as notch depth was in- 
creased and as the notch angle was decreased (fig. 2 and 
3); (3) strength increased as root radius of the notch was 
decreased but there appeared to be a maximum in the 
vicinity of 0.01 inch; and (4) the point of initiation of 
fracture progressed toward the axis as temperature was 
increased. 


‘For further technical details, see Effect of notch geometry on tensile 
behavior of a titanium alloy, by W. D. Jenkins and W. A. Willard, J. Res. 
NBS 70C (Engr. & Instr.), No. 1, 5-11 (Jan—March 1966). 


(Top) these four specimens are representative of the notch 
geometry of a titanium-8 percent aluminum-I percent 
molybdenum-—I percent vanadium alloy tested to determine 


strength in relation to notch geometry and temperature. (Bottom) 
W.M. Jenkins tests a notched titanium alloy in tension. The 
specimen (at left) is in a hydraulic testing machine. The load 


applied is read from the dial and load extension is recorded 
(upper center). 
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Committee To Aid in Pre-Coordination 
of Building Components and Systems 


Today in this country a large part of the money spent 
for building construction is wasted because many of the 
thousands of parts used in a building must be custom 
modified during construction. These parts are produced 
as independent entities, by unrelated manufacturers, and 
must be coordinated to function as an integrated system 
in a finished building. If such products could be coordi- 
nated before manufacture, they could be assembled with- 
out costly modification. For pre-coordination to be suc- 
cessful, however, industry must establish guidelines and 
standards for product designers to follow. 

To assist industry in establishing such guidelines and 
standards, the American Standards Association Sectional 
Committee A62 is being reorganized under sponsorship 
of the NBS Institute for Applied Technology. Earlier 
this year, the Construction Standards Board of ASA ap- 
proved an ad hoc study committee recommendation that 
the A62 activity be reactivated with a new name and 
expanded scope, and approved the Institute as the new 
project’s sponsor. 

The reactivated project will be called, “A62, Pre-coor- 
dination of Building Components and Systems,” and have 
as its scope: 


“The development of a basis for attaining both 
functional and dimensional compatibility and inter- 
changeability of building components so that they 
integrate with a minimum of on-site modification, and 
the establishment of guidelines for coordinating 
building systems. This activity is limited to the in- 
terface requirements of components or systems or 


both.” 
In its capacity as sponsor, the Institute has named Jack E. 
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Gaston, Armstrong Cork Co., as Chairman and Russell W. 
Smith of the Institute staff, as Vice Chairman and Secre- 
tary of the Committee. 

This summer is being used to identify Committee par- 
ticipants and areas of industry interest in standardization, 
and to outline a proposed program and work procedure. 
The first organizational meeting of the new A62 Sectional 
Committee is planned for this fall, at which time the pro- 
posed program will be presented and subcommittee assign- 
ments made on specific standardization tasks. 

This project is an attempt to establish, within ASA, a 
centralized organization of producers and users to furnish 
industry needed guidance for systems development. 
NBS will function as organizer and coordinator, working 
with industry in a large number of subcommittees that 
will develop different facets of the problem. 

The program is expected to involve a succession of 
small working committees that will develop basic criteria 
for coordinating various types of building components. 
Larger working committees will identify the most mean- 
ingful systems criteria as guides for the component 
committees. Various technical study committees will 
look at pre-coordination as a systems problem, each com- 
mittee involving different technology, organizations, and 
solutions. 

This activity will be essentially long-term, although the 
possibility of developing standards with short-term value 
is not ruled out. Organizations, corporations, or indi- 
viduals who have an interest in participating in the pro- 
gram should contact the committee Secretary. 


Russell W. Smith 
National Bureau of Standards 


Washington, D.C. 20234, 
NBS Technical News Bulletin 


STANDARD 
REFERENCE 
MATERIALS 


NEW RADIOACTIVITY STANDARD: 
CERIUM-PRASEODYMIUM-144 


A new radioactivity standard, cerium-praseodymium- 
144, has been added to the nearly 600 other standards 
issued by the NBS Office of Standard Reference Materials.* 
This new standard, NBS No. 4948, is both a beta-ray and 
gamma-ray standard for accurately calibrating detectors 
and detector-spectrometer systems used in the measure- 
ment and identification of cerium-praseodymium-144. 
These radionuclides are found in fallout and fission prod- 
ucts. They are used in industry for radiography, as 
tracers, and as power sources. They are also used by the 
medical profession for teletherapy. 

NBS Standard No. 4948, containing 3.34g of solution, 
has an activity of 1.6 10° dps (disintegrations per sec- 
ond) per gram of solution, as of December 1965, and 
costs $80 apiece.* 

The following general information on cerium-praseo- 
dymium-144 is taken from the literature.2»* Cerium-144, 
with a half life of 285 days, has three beta-ray branches 
with maximum energies of 186, 240, and 320 keV, and 7 
gamma rays with energies ranging from 34 to 133 keV. 
Praseodymium-144, the daughter, has a half life of 17.5 
minutes. It has 3 beta-ray branches with maximum 
energies of 803, 2293, and 2984 keV, and 3 gamma rays 
with energies ranging from 691 to 2181 keV. 


Reissued Standards 


Six other radioactivity standards have been reissued to 
replace out-of-stock standards.* These ‘standards are 
NBS Nos. 4904—B, americium-241 ; 4932—D, mercury-203 ; 
4944-C, iodine-125; 4990-B, carbon-14 dating standard; 
4995-B, mercury-203; and 4997—D, manganese-54. 

NBS Standard No. 4904-B, americium-241, replaces 
No. 4904—A and is a point-source standard with an aplha- 
particle emission rate into 27 geometry of approximately 
20 aps. This standard may be ordered under the general 
licensing provisions of the Atomic Energy Act of 1954 
for $77. (Please refer to Section 31.8, Title 10, Code of 
Federal Regulations, Part 31.) 

NBS Standard Nos. 4932—D (mercury-203) and 4944—C 
(iodine-125) are reissues of Nos. 4932—C and 4944—B, and 
are beta, gamma, and electron-capture solution standards. 
NBS No. 4932-D has a total activity of approximately 
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2.1X 10° dps per gram of solution as of January 1966. 
The standard ampoule contains 5.12g of solution and costs 
$50. NBS No. 4944-C contains 5.05 grams of solution 
and costs $53. The activity of this standard was approxi- 
mately 1.5 10° dps per gram of solution as of March 
1966. Both of these standards can be issued only under 
the special licensing provisions of the Atomic Energy Act 
of 1954. Therefore, a copy of the purchaser’s current 
AEC By-Product Material License is required to be on 
file at NBS. 

NBS No. 4990-B, carbon-14 dating standard, is a re- 
issue of No. 4990, a contemporary standard for carbon-14 
dating laboratories. This standard consists of 1 lb of 
oxalic acid and costs $6. It is shipped parcel post prepaid. 

NBS Standard Nos. 4995-B (mercury-203) and 4997-D 
(manganese-54) are reissues of Nos. 4995—A and 4997-C, 
and are point-source standards. No. 4995—B has an emis- 
sion rate of approximately 8 X 10¢ gamma rays per second 
as of March 1966, and costs $63. No. 4997—D has an 
emission rate of approximately 6 10* gamma rays per 
second as of June 1966; the cost of this standard is $53. 
Both of these standards may be ordered singly under the 
general licensing provisions of the Atomic Energy Act 
of 1954. (Please refer to the Federal Register, Volume 21, 
p. 213, January 11, 1956.) 


1For a complete list of NBS standard materials, see Standard Reference 
Materials: Catalog and Price List of Standard Materials Issued by the 
National Bureau of Standards, NBS Misc. Publ. 260, for sale by the Super- 
intendent of Documents, U.S. Government Printing Office, Washington, D.C. 
20402, for 45 cents. 

2H. Houtermans and M. Miguel, Int. J. Appl. Rad. Isotopes 13, 137—142 
(1962). 

3 Nuclear Data Sheets of the National Academy of Sciences-National 
Research Council: NRC 59-1-106, NRC 59-1-111, NRC 59-1-112, and 
NRC 59-1-113. 

*Radioactivity standards, unless stated otherwise, are shipped express col- 
lect to destinations in the United States and Canada. Orders should be 
addressed to: 

Julia C. Holland 
Radioactivity Section, IBS 
National Bureau of Standards 
Washington, D.C. 20234 


The cerium-praseodymium-144 
decay scheme, based on general 
information contained in the 
literature,’ * shows the 3 beta-ray 
and 7 gamma-ray branches for 
the cerium-144 with the energy 
scale enlarged, and the 

3 beta-ray and 3 gamma-ray 
branches for the praseodymium- 
144 with the energy scale 
reduced. 
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Systems Concept Applied to 
Nation’s Measurement Activities 


NBS Scientist Postulates a National Measurement System 


About 20 billion measurements are being made every 
day in this country—in science, in industry, and in every- 
day life—according to Dr. Robert D. Huntoon, Director 
of the NBS Institute for Basic Standards. Thus the activ- 
ity level in the National Measurement System (NMS) is 
quite comparable with that in other important national 
systems such as communication or transportation. The 
NMS now represents a total investment, he estimates, of 
about $50 billion, largely for instrumentation and data- 
producing research. 

Speaking on “The National Measurement System” at 
the 1966 Standards Laboratory Conference (held May 
9-12, 1966 at NBS, Gaithersburg, Md.), Dr. Huntoon 
introduced the systems approach as a new way of looking 
at the vast complex of measurement activities which have 
paced our national scientific and technological growth. 
Such an approach, he indicated, makes it possible to see 
these activities in broad perspective, to evaluate the effec- 
tiveness of the overall System and its various elements, 
and to take whatever action is necessary to improve the 
System’s operation and output. In the long run, the 
systems approach should lead to more accurate measure- 
ment throughout the Nation—and thus to the more rapid 
advancement of science and technology, which have their 
foundations in measurement. 

According to Dr. Huntoon, an essential function of the 
NMS is to provide a firm quantitative basis for the inter- 
change of goods and services in commerce, of machine 
parts and devices in industry, and of scientific and tech- 
nical information. 

“This interchangeability function,” he said, “makes it 
possible for any plant to mass-produce materials, parts, 
and systems that are interchangeable with those made in 
plants in other parts of the country. Without this basis 
for interchangeability, our industrial economy as we know 
it today could rot exist.” 

Another important function of the NMS, he said, is to 
provide a quantitative basis for decisions for action in all 
aspects of our daily life. An aircraft pilot, for example, 
must read a number of measurement output dials in order 
to make vital decisions during a flight. 

The National Measurement System is as essential to the 
Nation as are the national systems of communication, 
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THE NATIONAL 
ASUREMENT 
SYSTEM 


Cot and Scope 


’ ANNUAL 
INCREMENT 


INVESTMENTS IN 
MEASUREMENTS 


INSTRUMENTS $25BILLION 4.5 BILLION 
DATA 20BILLION 3 _ BILLION 
$45BILLION 7.5 BILLION 


PERSONNEL _$ 10 BILLION per year est) 


99 %o Self: Financed 


transportation, and defense. In fact, these other national 
systems could not operate without the measurement basis 
provided by the NMS, and it in turn depends on the other 
national systems as they all interact together to form the 
basis of our industrially based society. 

Indicative of the scope of the NMS are the 25 billion 
dollars which the United States has invested in measuring 
instruments alone. Each year the instruments industry 
adds another 414 billion to this total. 

Dr. Huntoon said the role of NBS in the National 
Measurement System is to provide the central core of the 
System as a basis for uniformity and compatibility, and 
to provide central Federal leadership—to guide the overall 
System as it continues to operate through voluntary coop- 
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eration of American science and industry, and to help it 
operate with maximum effectiveness. The cost of the 
NBS role is estimated at less than one-half of one percent 
of the total cost within the System. 

The central core of the NMS consists of the national 
standards of physical measurement—42 highly precise 
standards for such quantities as length, voltage, light in- 
tensity, neutron frequency, and so on. From this central 
core, measurement networks lead outward to all citizens— 
scientists, engineers, business men, and factory workers. 
By providing the capability for uniform, accurate meas- 
urement, these measurement networks make the actions, 
products, materials, and services of each citizen com- 
patible with those of others throughout the Nation and 
the world. For example, an airplane pilot’s decisions 
based on measurement (as indicated by his instruments) 
must be compatible with those of others who are making 
similar measurements if he is to stay on course, avoid 
collisions, and arrive on time. 

The NMS consists of two interwoven systems. One is 
an intellectual system which is a rational structure of rules, 
laws, principles, agreements, and conventions upon which 
the design of the other, the operational system, is based. 
The operational system consists of interrelated, interacting 
functional elements, aggregations of people, each with 
stated functions, inputs to and outputs from other elements 
of the System and the interfaces with the other natural 
systems. 

The operational system may be broken down into 
three major networks: (1) an instrument network which 
provides the calibrated instrumentation for making 
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The National Measurement System provides a firm 
basis for the interchange of machine parts and devices 
in industry, of goods and services in modern 
commerce, and of scientific and technical 

information. 
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measurements, (2) a reference data network which gives 
ready-made answers to measurement problems, and (3) a 
techniques network which tells the user how to make 
meaningful measurements. 

Through the instrument network, reference standards 
and measuring instruments that are traceable ultimately 
back to the national standards are disseminated to the 
users. The NBS Institute for Basic Standards (IBS) 
provides the central core of national standards and a cali- 
bration service that connects the core outward to the 
terminals of the network. 

The objective of the reference data network is to pro- 
vide all output terminals with reliable values for measure- 
ments of the kind that can be used over and over again 
once they have been recorded and published. These data 
(ready-made answers) supplied by the data network take 
a load off the instrument network by avoiding duplication 
of measurements. For the data network, IBS makes 
measurements of key data and administers the National 
Standard Reference Data System, which involves critical 
evaluation and dissemination of data on the properties of 
stable substances on a nationwide basis. 

The techniques network is concerned with the dissem- 
ination of information on measurement procedures and 
techniques. It provides a channel through which people 
throughout the NMS can be told how to make optimum 
use of the measurement capability developed in the instru- 
ment network and the data network in order to make mean- 
ingful measurements—that is, first, to determine what is 
meaningful to measure and, secondly, to ensure that they 
measure what they set out to measure. 


THE NATIONAL 
. MEASUREMENT SYSTEM 
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INSTRUMENT 
NETWORK 


A representation of the National Measurement System 
showing its connection to the international system, 

its pool of unmet needs, and its reservoir of capability 
that users draw upon. The system is divided into 
three major networks: (1) The instrument network 
which provides calibrated instrumentation for 

making measurements, (2) the data network which 
gives ready-made answers to measurement problems, 
and (3) the technique network which tells how 

to make meaningful measurements. 
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Weather Resistance of 
Porcelain Enamels 


Studied 


In modern architecture the use of porcelain enameled 
steel and aluminum has increased and is still increasing 
because of the emphasis on colorful building materials 
that are long-lasting and maintenance-free. This trend 
has emphasized the need for data on weather resistance 
of the various types of enamels, particularly those intro- 
duced since World War II. 

Recently seven types of postwar porcelain enamels were 
evaluated for weather resistance in a study’ at the NBS 
Institute for Applied Technology. These enamels were 
exposed to various climatic conditions in the United States 
for seven years. M. A. Rushmer and M. D. Burdick, 
Research Associates of the Porcelain Enamel Institute 
(PEI) at NBS, correlated the enamels’ color and gloss 
retention with the acid resistance of the enamel, and also 
with the humidity and atmospheric acidity of the exposure 
sites. They found that the quality of postwar enamels is 
equal to or better than that of prewar compositions. 

The postwar enamels are opacified with titania, rather 


Margaret Rushmer, Research Associate of the Porcelain Enamel 
Institute at NBS, inspects test specimens of architectural 
porcelain enamels exposed atop a building at the 

Bureau's Washington, D.C. campus. 
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than antimony or zirconium oxide which were used for 
most prewar enamels. In addition, several new types of 
enamels are now available, such as glossy and mat (low- 
gloss) enameled aluminum and enameled steel fired at 
lower temperatures (1000 and 1300 instead of 1500 °F’). 

Weather resistance data on prewar enamels were pre- 
viously obtained from a 15-yr exposure test which ended 
at three of the four sites in 1955. The results of that test 
strengthened confidence in laboratory tests used to indi- 
cate an enamel’s weatherability and suggested exposure 
tests on postwar enamels. A new 15-yr exposure test was 
begun in 1956 with 91 enamels representing 7 different 
enamel types. After the first seven years of exposure in 
the new 15-yr test, the specimens were brought to NBS 
where they were cleaned and inspected. The inspection 
of the regular glossy enameled steels exposed at Washing- 
ton showed an average of 2 percent higher (64.6 vs 62.5 
percent) gloss retention that was found for similar prewar 
enamels that were also exposed at Washington for 7 years. 


Enamel Exposure 


The average atmospheric conditions at the exposure 
sites used range in temperature from 50 to 70 °F, in rela- 
tive humidity from 62 to 77 percent, and in acidity of air- 
borne dirt from a pH of 4.9 to 7.3. The enamels are 
exposed on the roofs of Government buildings in Dallas, 
Texas; Los Angeles, Calif-; Pittsburgh, Pa.; New Orleans, 
La.; and Washington, D.C. Also, two groups are exposed 
at Kure Beach, N.C., one 80 ft and the other 800 ft from 
the ocean. 

All enamels lost gloss most rapidly during the first three 
years, after which gloss remained nearly constant at all 
but the two Kure Beach sites. The rate of decrease in 
gloss at the individual sites illustrated the severity of the 
various exposure conditions. The Kure Beach site 80 ft 
from the ocean was the most severe while that at Dallas 
was the least. The same trends were evident regarding 
color loss. 

In determining the cause of gloss and color loss, weather 
data and air quality measurements, respectively, were ob- 
tained from the U.S. Weather Bureau records and the Air 
Sampling Network of the U.S. Department of Health, Edu- 
cation, and Welfare. In general, these data showed the 
atmosphere at the sites that caused the greatest changes in 
gloss and color of the enamel had acidic pH values while 
the sites where smaller changes in the enamels occurred 
had nearly neutral pH values. The data for the Pittsburgh 
and Los Angeles sites did not follow this pattern, but this 
may be explained by the protective action of adherent 
films that built up on specimens at these sites. 

As to relative humidity, the enamels exposed at sites 
with high humidity generally lost more gloss and color 
than those at the drier ones. Although the New Orleans 
and Washington sites were exceptions, a definite pattern 
was evident. 
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A possible explanation of these effects is the interaction 
of the humidity and acidity. In areas of high humidity, 
the moisture condenses on the enamel surface and dissolves 
the acidic material suspended in the surrounding air. 
Thus, enamels exposed at a site with high humidity and 
acidic atmosphere may show less color and gloss retention 
than those exposed at a site with low humidity and a more 
nearly neutral atmosphere. 


Resistance of New Types of Enamels 


The weather resistance of the enamels on steel, fired at 
1300 °F, was equal to that of the regular glossy acid- 
resistant enamels on steel fired at 1500 °F, while the enam- 


eled steel fired at 1000 °F showed appreciably less color 
and gloss retention. 

The enamels on aluminum showed good stability at all 
but the Kure Beach sites. For these enamels the mat 
finish showed less change than the glossy finish and at 
three sites the mat enameled aluminum had color reten- 
tions not significantly different from the glossy acid- 
resistant enamels on steel. 


1 For further information, see Weather Resistance of Porcelain Enamels 
Effect of Exposure Site and Other Variables After Seven Years, by M. A. 
Rushmer and M. D. Burdick, NBS Bldg. Sci. Series No. 4 (in press); also, 
see Weather resistance of porcelain enamels exposed for seven years at 
various sites, by M. A. Rushmer and M. D. Burdick, Proceedings of the 
Porcelain Enamel Institute Forum 26, 214-226 (October 1964). 


Ten States Tio Receive New Standards 


In a program to update the standards of all 50 States 
in the next five years, Secretary of Commerce John T. 
Connor recently named the first ten States to receive new 
sets of weights and measures standards. The ten States 
are California, Connecticut, Delaware, Illinois, Kentucky, 
New Mexico, Ohio, Oregon, Tennessee, and Utah. The 
new standards will be available to each of the ten States 
by the fall of this year. Ten additional States will receive 
new sets in each of the next four years. 

The National Bureau of Standards is supervising the 
replacement of the States’ obsolete standards to update 
and extend measurement competence throughout the 
Nation. Many standards and instruments now used by 
the States in weights and measures administration were 


Octaber 1966 


provided by the Federal Government more than a hundred 
years ago. ; 

The new sets include standards of mass, length, and 
volume. In addition, the necessary laboratory instru- 
ments, such as high-precision balances designed specially 
for the State weights and measures laboratory, will be 
included. 

Each new set is supplied by the Federal Government 
at a cost of approximately $70,000, including calibration, 
installation, and training of laboratory personnel. The 
States’ contribution will be in the form of new or ex- 
panded laboratory facilities and better qualified personnel. 

Measurement uniformity among the States began in 
1838 when Congress authorized the Federal Government 
to supply each State with “. . . a complete set of weights 
and measures adopted as standards—to the end that a 
uniform standard of weights and measures may be estab- 
lished throughout the United States.” 

In recognition of the long history of excellent Federal- 
State cooperation in the field of weights-and measures, 
and in commemoration of the presentation of the new 
standards, each of the ten States has agreed to donate a 
tree that is both native to the State and suited to the Mary- 
land climate. The trees wll be planted in a grove on 
the grounds of the new NBS laboratories at Gaithersburg, 
Maryland. An appropriate metal plaque will identify 
each tree, its donor, and the date of planting. It is hoped 
that trees from the other States will be planted in the 
grove by the time they have received their new standards. 


A representative set of the mass 
standards which NBS will issue to the 
50 States in a program to modernize 
their standards over the next five 
years. (Photograph courtesy 
Allegheny Ludlum Steel Corp.) 
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A disk of silicon is being placed over the aperture 
of a photodetector housing to serve as an attenuator. 
The polished silicon absorbs the laser beam within 
the first 10% cm of its travel and gives off some of its 
energy as radiation from the far side. 


Silicon 
for Laser 


RECOMBINATION 
RADIATION 


INCIDENT LASER 
BEAM 


PHOTO - 
MULTIPLIER 


LIN 


SILICON WAFER-* 


Radiative recombination processes take place in silicon 
attenuators used to reduce the intensity of alaser beam to the 
point where it can be measured by conventional radiometric 
systems. The incident laser beam is absorbed by the attenuator 
which then gives off radiation at a longer wavelength and this 
is measured by the photomultiplier. 
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Attenuators 
Measurements 


Attenuators composed of elemental silicon have been 
used by N. N. Winogradoff and H. K. Kessler for ruby and 
gallium arsenide laser beam measurements at the NBS 
Institute for Applied Technology. Unlike conventional 
glass attenuation filters, the pure silicon disks can be ob- 
tained at low cost and remain unchanged in attenuation 
factor. The silicon attenuates the laser beam by means of 
a reradiation process, reducing intensity sufficiently for 
the output pulse shape to be measured by calibrated photo- 
multipliers. This research was performed for the metrol- 
ogy laboratories of the Bureau’s Institute for Basic 
Standards. 


Laser Beam Measurements 


Accurately measuring the output energy is one of the 
major problems in characterizing and_ standardizing 
lasers. Photodetectors used in conventional radiometric 
measurements are generally calibrated against low- 
intensity blackbody sources: their use at higher intensities 
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by extrapolation may introduce major uncertainties. In 
addition laser beams are intense enough to damage the 
detector. 

One approach to the problem has been to attenuate the 
laser beam by means of calibrated glass filters of suitable 
thickness and colors. Unfortunately, even a single flash 
of an intense laser beam may bleach the filters or other- 
wise alter their transmission characteristics. 


Silicon Attenuators 


Dr. Winogradoff and Mr. Kessler have greatly simpli- 
fied the attenuation problem by substituting elemental 
silicon for the glass. The silicon absorbing the radiant 
energy is excited and subsequently reradiates at a longer 
wavelength. The new radiometric technique uses the low 
efficiency of wavelength conversion to obtain the required 
attenuation. The silicon samples can be prepared with a 
high degree of purity and reproducibility at relatively low 
cost. 


Recombination Radiation 


In using the silicon attenuator, the beam being meas- 
ured is allowed to fall on one face of the polished silicon 
wafer; the radiation is completely absorbed in the first 


N.N. Winogradoff places a cap bearing 

a silicon attenuator over a photomultiplier 
tube, to “attenuate” a laser beam sufficiently 
for measurement. Attenuators 

made of silicon are inexpensive and, unlike 
conventional glass filters, are relatively 
unaffected by energy absorbed from the beam. 
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10-* cm of material. This produces a large number of 
free electrons and holes in the silicon. These excess 
carriers recombine by radiative and nonradiative proc- 
esses, the former producing radiation at a wavelength 
longer than that in the beam being measured. Since the 
absorption coefficient of silicon for its own recombination 
radiation is low, some of this radiation will emerge from 
the back surface of the silicon attenuator. 

The low efficiency of the radiative recombination 
process in silicon permits the intensity of the radiation to 
be measured by direct radiometric techniques. The eff- 
ciency of conversion from the incident to the emerging 
beam is nonlinear, yielding a response curve that is char- 
acteristic of the material used. Further fundamental 
studies of properties of the radiative recombination 
processes are expected to result in accurate power and 
pulse-shape measurements using this technique. 

The recombination technique also permits measure- 
ments showing the fine detail in intensity variations within 
a laser flash with a resolution of better than 2 x 10~ sec. 
Other semiconductors can be used to extend the wave- 
length range of the technique into the infrared. 


1 Radiative recombination lifetimes in laser-excited silcon, by N. N. Wino- 
gradoff and H. K. Kessler, Appl. Phys. Lett. 8, 99-101 (15 Feb. 1966). 


Light from a ruby laser stimulated by a flash from a xenon 

tube (right) is studied by diverting part of the beam at a 

45° reflecting surface. The rest of the beam passes through 
the reflector and the silicon attenuator. 

Recombination of free carriers in the silicon produces sufficient 
radiation for radiometric observation of the beam pulseform, 
but not enough to harm the photomultiplier. 
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STARTING DATE OF RELOCATED WWV 


It has been announced! that, effective 0000 UT, 
Dec. 1, 1966, all of the services presently provided by the 
National Bureau of Standards broadcast station WWV, 
Greenbelt, Maryland, will be continued by WWV, Fort 
Collins, Colorado. Unavoidable delays in equipment 
procurement and building construction necessitate the 
change to Dec. 1, 1966, from the original target date of 
July 1, 1966. 

All six carrier frequencies—2.5, 5, 10, 15, 20, and 25 
MHz—will be transmitted by omnidirectional vertical 
half-wave dipoles having the following locations: 


Latitude Longitude 
2-5 \MHz74440°40'55:2'AN. 1052027313" W, 
9 MHz: 40°40’42.1’ N. 105°02’24.9” W. 
10 MHz: 40°40’47.8” N. 105°02’25.1”" W. 
15 MHz: 40°40’45.0’ N. 105°02’24.5”" W. 
20) MHz: 40°40'538.174 N.. (103°02428:54 W. 
29 MHz: .40°4050.5” N. 105°02’26.67 W. 


Requests for further information should be addressed 
to: Director, National Bureau of Standards. Attention: 
Broadcast Services 251.02, Boulder, Colorado 80302. 


1 Federal Register 31, p. 9089 (July 1, 1966). Plans for the relocation 
of WWV were described in NBS Tech. News Bull. 49, 215. 


CAVITY WAVEMETER CALIBRATION 
EXTENDED TO 90 GHz 
The Radio Standards Laboratory, Boulder, Colorado 


(NBS Institute for Basic Standards) announces that cali- 
bration of cavity wavemeters is extended to 90 GHz from 
the former frequency range of 2.6 to 75 GHz. Measure- 
ments are made on fixed or variable cavity wavemeters. 

Experience gained over a period of years indicates that 
calibration accuracies of approximately 1] part in 10° can 
be obtained with cavity wavemeters in the region of 10 


* STANDARDS AND CALIBRATION 


GHz (X-Band). At frequencies approaching 90 GHz, 
calibration accuracies are slightly less than 1 part in 10°. 
Usually, but not always, the calibration accuracy of var- 
iable cavity wavemeters is limited principally by the dial 
resettability of the wavemeter tuning mechanism. The 
ability of the wavemeter tuning mechanism to return to 
the same dial setting, the smallest division (least count) on 
the scale, and other factors must be considered in deter- 
mining the resettability of the instrument. 


U.S. STANDARD FREQUENCY 
AND TIME BROADCASTS 


WW V—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 
WWVH—2.5, 5.0, 10.0, and 15.0 MHz 
WWVB—60 kHz 


Radio stations WWV (Greenbelt, Md.) and WWVH 
(Maui, Hawaii) broadcast signals that are kept in close 
agreement with the UT2 scale by making step adjustments 
of 100 ms as necessary. Each pulse indicates that the 
earth has rotated approximately 15 arcseconds about its 
axis since the previous one. Adjustments are made at 
0000 UT (7:00 p.m., e.s.t.) on the first day of a month. 
There will be no adjustment made on 1 November 1966. 
The pulses occur at intervals that are no longer than one 
second by 300 parts in 10'° due to an offset in carrier 
frequency coordinated by the Bureau International de 
’Heure, Paris, France. 

Radio station WWVB (Ft. Collins, Colo.) broadcasts 
seconds pulses derived from the United States Time 
Standard (USTS) with no offset. Step adjustments of 
200 ms are made at 0000 UT on the first day of a month 
when necessary. NBS directs that such adjustments be 
made in the scale at intervals to maintain the seconds pulses 
within about 100 ms of UT2. There will be no adjust- 
ment made on 1 November 1966. 


Symposium To Be Held in 1968 


A symposium to be entitled “Accurate Characterization 
of the High Pressure Environment,” will be held at NBS 
in March 1968 at its Gaithersburg, Maryland facility. 

Purpose of the symposium will be to obtain an authori- 
tative survey of the problems of pressure, temperature, and 
related measurements in the high pressure environment. 
It will summarize the information needed for a provisional 
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pressure scale, which would be of great value to industry 
and technology as well as to scientific research. 

The NBS planning committee consists of Charles W. 
Beckett (Heat Division), and Edward C. Lloyd and Daniel 
P. Johnson (Mechanics Division). Additional informa- 
tion about this symposium will be published in this column 
in the future. 
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Eberhard 
Heads 
Institute; 
Kushner 
is Deputy 


John P. Eberhard has been named Director of the NBS 
Institute for Applied Technology, replacing Dr. Donald A. 
Schon, who resigned to direct The Organization for Social 
and Technical Innovation, Cambridge, Mass. Mr. Eber- 
hard had been Deputy Director of the Institute since its 
establishment in 1964. Dr. Lawrence M. Kushner, for- 
mer Chief of the NBS Metallurgy Division, has been named 
Deputy Director. 

The NBS Institute for Applied Technology seeks to 
create opportunities for the introduction of new technology 
in Government and industry. As its chief, Mr. Eberhard 
will direct programs in engineering standards, building 
research, electronic instrumentation, textile and apparel 
technology, technical analysis, and invention and innova- 
tion. Also under his direction will be the Clearinghouse 
for Federal Scientific and Technical Information, the NBS 
Office of Weights and Measures, and the Center for Com- 
puter Sciences and Technology. 

Before coming to the Bureau, Mr. Eberhard served as a 
consultant to Dr. J. Herbert Hollomon, Assistant Secretary 
of Commerce for Science and Technology, and had exten- 
sive experience as a consultant to industry, a practicing 
architect, and a lecturer in the School of Industrial Man- 
agement, Massachusetts Institute of Technology. Mr. 
Eberhard was one of the incerporators of Creative Build- 
ings, Inc., a firm that designs and manufactures pre- 
fabricated buildings. He was President of the firm from 
1952 to 1958. In 1959 he became the Director of Research 
for the Sheraton Corporation of America. 


Born in Chicago in 1927, Mr. Eberhard received a B.S. 
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John P. Eberhard 


Dr. Lawrence M. Kushner 


degree in architectural design from the University of Illi- 
nois in 1952. He attended M.I.T. in 1958-59 under an 
Alfred P. Sloan Fellowship, and obtained his M.S. degree 
in industrial management. 

Dr. Kushner was Chief of the NBS Metallurgy Division 
from April, 1961, until his recent appointment in the Insti- 
tute for Applied Technology. He joined the Bureau in 
1948 as a physical chemist in the Surface Chemistry Sec- 
tion, later becoming Assistant Chief of the Section. In 
September, 1956, he was appointed Chief of the Metal 
Physics Section. Asa Commerce Science and Technology 
Fellow, Dr. Kushner worked in the office of Assistant 
Secretary of Commerce J. Herbert Hollomon as a Special 
Assistant for Legislation in 1964-65. 

A native of New York City, Dr. Kushner graduated 
from Queens College with a B.S. in chemistry in 1947. 
He received both his A.M. and Ph.D. in physical chem- 
istry from Princeton University. 

Dr. Kushner has lectured in chemistry at American 
University and has served on the Ph.D. examining boards 
in chemistry at Georgetown University and in physics 
at the University of Maryland. He has been a Ph.D. thesis 
adviser at Catholic University and at the University of 
Maryland. 

The author of numerous scientific articles, Dr. Kushner 
is a member of the American Physical Society, the Metal- 
lurgical Society of the AIME, the American Society for 
Metals, the American Association for the Advancement 
of Science, the Washington Academy of Sciences, and 
Sigma Xi. 
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Rg, Rp, Re- FIXED BRIDGE ARMS 
R,, Re....Rio~ RATIO RESISTORS 
r's - GUAR RESISTORS 
d- DECADE RESISTOR 


The ratio standard is calibrated by using 
three resistors as fixed arms of a square bridge 
to measure the remaining ten in succession. 
By using a different set of three resistors for 
the fixed arm, the deviations of all thirteen 
resistors can be referred to one reference 


RATIO STANDARD 


gs) 


WORKING VOLT BOX 


A schematic presentation of the NBS ratio standard 
(top) during calibration of a step-down ratio of a 


is adjusted to give a null on the detector (center). 
The decade resistor reading is then used.to compute 
the correction for the step-down ratio that is being 


resistor. calibrated. 


Modification Simplifies 
Volt Box Calibration 


A method for calibrating volt boxes quickly and easily 
to an accuracy of 10 parts per million has been developed 
by modifying existing procedures.* This modification, 
recently introduced by R. F. Dziuba and T. M. Souders 
of the NBS Institute for Basic Standards, simplifies the 
measurement procedure, preserves the precision needed, 
and permits measurements at rated voltage for volt boxes 
whose self-heating errors are reasonably small. 

At present volt boxes are calibrated by direct com- 
parison with a standard volt box. An alternative tech- 
nique, called the ratiometric method,' eliminates the use 
of the standard volt box and measures the step-down 
ratios ** of volt boxes with a calibrated Kelvin-Varley 
divider. The NBS modification ? also measures step-down 
ratios but eliminates the need for the Kelvin-Varley 
divider. The new procedure employs a “ratio standard” 
and may be quite useful in those laboratories where the 
versatility of the direct comparison method and the rela- 
tively high cost of the standard volt box required are not 
justified. 
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The ratio standard is self-calibrating and a resolution 
of 1 ppm can be obtained in both a self-calibration and a 
volt box calibration. This is not always feasible when 
a Kelvin-Varley divider is used to measure large step- 
down ratios nor can most such dividers be used at the 
high voltages (up to 1500 volts) often required. 

The ratio standard is comprised of thirteen nominally 
equal fixed resistors and a three-dial decade resistor. 
Suitable combinations of the thirteen 100,000-ohm 
resistors provide the ratios required to measure step-down 
ratios from 2: 1 to 20:1. The decade resistor, which in- 
cludes the 10-, 1-, and 0.l-ohm dials of a resistance box, 
provides the adjustment for balancing the bridge circuit 
when performing either a self-calibration of the ratio 
standard or a calibration of a working volt box. 

The ratio standard is calibrated by using three resistors 
as fixed arms of a square bridge to measure the remaining 
ten in succession. By using a different set of three re- 
sistors for the fixed arm, the values of all thirteen resistors 
can be intercompared. When the ratio standard is being 
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volt box (bottom). The decade resistor (upper center) | 
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DECADE 
RESISTOR 


R's -RATIO RESISTORS. 
r's -GUARD RESISTORS 


In the NBS ratio standard used 

to calibrate the step-down ratios of 
volt boxes, the decade resistor 
reading (left) is used to compute 
corrections for a self-calibration 

or a volt box calibration. 


calibrated the decade resistor is located in the unknown 
arm or one fixed arm as necessary, to balance the bridge 
circuit. Its setting, when multiplied by 10, gives a direct 
reading of deviation from nominal value in parts per mil- 
lion for each of the thirteen resistors. The resistors may 
be arranged to give any ratio.required for a volt box cali- 
bration. The correction to the standard ratio is easily 
computed from the results of the self-calibration test. 

A volt box is calibrated by comparing its successive 
step-down ratios with the nominally equal ratios of the 
ratio standard. When the decade resistor is adjusted for 
a null on the dectector, the correction of the step-down 
ratio of the volt box is computed from the dial setting of 
the decade resistor. This correction, when combined with 
the nominal value of the ratio, gives the actual step-down 
ratio of the volt box. The algebraic sum of the pertinent 
step-down ratio corrections are then used to compute the 
voltage ratio of each range of the volt box. 

NBS tests have shown that the accuracy of volt box 
calibration is limited by the uncertainty of the self-heating 
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error of the volt box. However, the present trend in de- 
signing volt boxes is to decrease the self-heating errors, 
by decreasing the rated current (higher ohm/volt design 
ratio) and by using materials having lower temperature 
coefficients. With this type of volt box the NBS tech- 
nique serves as a useful calibration method. 

The validity of this method was verified by comparing 
its results with results obtained in the standard volt box 
direct-comparison method normally used. In several tests, 
agreement was within 10 ppm for volt boxes whose self- 
heating errors were within 10 ppm; but was not as good 
at rated voltage on the high ranges of volt boxes which 
had large (50 to 200 ppm) self-heating errors. 


*“Wolt box’’ is an inexact but well-known term for a tapped resistive 
voltage divider that is normally used to extend the range of a precision d-c 
potentiometer, to measure voltages up to 1000 volts or more. 

** A step-down ratio is defined as the ratio of any volt box range to its 
immediate lower range; for example, 3/1.5, 7.5/3, 15/7.5. . . 1500/750. 

1A ratiometric method for precise calibration of volt boxes, by Loebe 
Julie, Julie Research Laboratories, Inc. (1964). 

2 For technical details, see A method for calibrating volt boxes, with an 
analysis of volt box self-heating characteristics, by Ronald F. Dziuba and 
T. Michael Souders, IEEE Conv. Record (March 1966). 


R. F. Dziuba calibrates a working volt box (lower) by means 
of the ratio standard (upper). The decade resistor (left side 
of the ratio standard) is used to balance the bridge circuit for 
measuring a step-down ratio. 
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This column regularly reports significant developments 
in the program of the National Standard Reference Data 


System. The NSRDS was established in 1963 by the 
President’s Office of Science and Technology to make 
critically evaluated data in the physical sciences available 
to science and technology on a national basis. The 
System is administered and coordinated by the National 
Bureau of Standards through the NBS Office of Standard 


Reference Data. 


Tables of Molecular Vibration 
Frequencies Published 


The unity, as well as the diversity, of today’s physical 
science is illustrated by the fact that a single compilation 
of reference data can be useful to scientists working in 
several widely separated fields. An example is the first set 
of Tables of Molecular Vibration Frequencies, a National 
Standard Reference Data System publication scheduled to 
appear in October as NSRDS-NBS 6. The thermody- 
namicist will use these tables for computation of ideal gas 
properties. The theoretical chemist will find them val- 
uable as an adjunct to molecular theory. The molecular 
spectroscopist will use them for structure-property corre- 
lations. The analytical chemist will find them a solid 
foundation for his identification procedures. Chemical 
kineticists will employ these data in studies of isotope 
effects. 

The NSRDS-NBS publication presents carefully ana- 
lyzed frequency values for the fundamental modes of vibra- 
tion of the component molecular segments of 59 molecules. 
The fundamental frequencies are obtained primarily from 
infrared and Raman spectra, with microwave spectral in- 
formation as a secondary source. A second volume, al- 
ready in the manuscript stage, will provide the same infor- 
mation for 40 additional molecules. 

Because these molecules show the effect of successive 
substitution of deuterium for hydrogen, and because data 
on structural isomers are emphasized, a wealth of detailed 
information can be obtained from intercomparison of 
values from separate tables. Furthermore, the informa- 
tion is transferrable from small molecules to large mole- 
cules, and can be applied, for example, to studies of force 
fields and internal rotation in high polymer molecules. 

The molecules covered in the tables are: ammonia, 
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phosphine, arsine, stibine and deuterated equivalents; 
carbon tetrachloride, chlorinated and deuterated methanes, 
methanol and deuterated methanols, halogenated ethylenes 
and ethanes, propane, some butanes, benzene, cyclohexane, 
and deuterated equivalents, dimethylether, malononitrile, 
and ethyl cyanide. 

The diversity of application of these tables is matched 
by the wide range of scientific efforts that went into their 
preparation. The spectral data source material in the first 
volume came from the world’s scientific literature, while 
much of the fundamental computer-based mathematical 
analysis was developed at the National Bureau of 
Standards. 

Evaluation of the literature and selection of the values 
to be included in the tables were done at the University of 
Tokyo. Professor Takehiko Shimanouchi, the author, is 
an internationally recognized expert in the field of the 
tables and has dedicated a substantial portion of his scien- 
tific career to this type of work. Advice on presentation 
of the tables, format, and test material was provided by 
members of the NBS scientific staff. 


Producing Scientific Documents by Computer and 
Peripheral Devices 


The data centers associated with the National Standard 
Reference Data System require improved techniques for 
producing scientific text via machine-sensible records. 
Examples of needs in this area are: 

1. The ability to produce updated bibliographies 
rapidly and at low cost. 

2. The ability to manipulate abstracted information by 
computer to obtain lists and records of selected data. 

3. The ability to use original typing effort efficiently in 
the production of computer-aided photo composition. 

The NBS Office of Standard Reference Data is working 
with the various associated centers to develop systems for 
meeting these needs. 

By-product paper tape can be used in conjunction with 
a computer to accomplish the desired results (Figure 1). 
The basic cycle is from scientist to typist to computer 
and back to the scientist. This cycle is repeated until the 
corrected copy is approved for production and distribu- 
tion. The corrected records are maintained on magnetic 
tape during the cycling and at its conclusion they are 
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Flow chart showing the 
process of producing scientific 
documents with the aid of a 
computer and special 
peripheral devices. 


APPROVAL 


BIBLIOGRAPHIES 


stored in a magnetic medium for later updating or other 
uses. 

Key pieces of equipment needed for this process are 
the paper tape generation device and the high speed 
printer to provide complete copy for the editing proce- 
dures. At the present time, the NBS “Taxywriter” 
(NSRDS News, July 1966) is considered to be an im- 
portant addition to the list of existing input devices. In 
addition to providing upper and lower case codes as do 
previous machines, it provides the capability to code ap- 
proximately one hundred additional symbols. The addi- 
tional symbols, which are simultaneously produced on the 
paper tape and hard copy, include the Greek alphabet, 
mathematical graphics, and special characters. 


Schematic showing the flow of information from 
the working data file to the retrieval and printout 
system used in the NBS Mass Spectrometry 

Data Center. 
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An effort is being made to obtain a high speed printer 
capable of printing all of the symbols generated for input. 
Meanwhile, an effort is being made to develop the most 
important element of the total system—the software to 
make the system workable, flexible, and convenient to use. 


NBS Mass Spectrometry Data Center 


The NBS Mass Spectrometry Data Center, recently estab- 
lished to provide information on ionic processes for mole- 
cules, has now abstracted and made available information 
contained in about 1000 basic documents published since 
1955 on energetics of ionization processes and on ion- 
molecule reactions. The abstracted data include numeri- 
cal and bibliographical information on ionization and 
appearance potentials and on ion-molecule reaction 
mechanisms and rates. It is available in tabular form 
on request. 

The working data file, retrieval, and printout system are 
based on a punched-card controlled typewriter. Both 
the numerical and bibliographic information, when ab- 
stracted, are immediately transferred to punched cards 
and filed. This interrogation and subsequent printout 
can be performed with a minimum of effort. Also, the 
file can be readily edited and updated. The information 
is retrievable by ion, method of obtaining the data (e.g., 
photoionization, electron impact, theoretical), and year 
of publication. 

Information on ionic processes can be obtained by writ- 
ing to Dr. H. M. Rosenstock, NBS Mass Spectrometry Data 
Center, National Bureau of Standards, Washington, D.C. 
20234, or calling area code 301-921-2173. A request for 
specific information can frequently be answered the same 
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day in one or more typed pages. 
this service. 


There is no charge for 


Economic Benefits of Standard Reference Data 
An article in last month’s NSRDS News dealt with 


quantifiable savings that can be achieved by making 
standard reference data more accessible to the American 
technical community. The economic benefits of more re- 
liable data cannot be computed in the same way as the 
benefits of more accessible data, but these benefits are real 
nonetheless. They depend on two facts: first, not every 
numerical answer reported in the scientific literature is as 
correct as the author claims; and secondly, not all scientists 
and engineers who use numerical data are aware that such 
errors do exist. 

The NSRDS seeks to improve the reliability of numeri- 
cal answers available to the technical community. The 
work is to be done by a large number of scientific spe- 
cialists, each giving close attention to the area of his own 
greatest competence. Thus all users will have the advan- 
tage of compilations prepared by experts. Specific bene- 
fits will be obtained from a reduction in the number of 
mistakes and faulty decisions that are made in situations 
such as those given below: 

(1) Many research and development projects, early 
in their history, reach a point of critical decision: Can 
the product be made with existing plant heating or cooling 
equipment? Can it be made to sell for less than a certain 
price per pound? Will the new chemical solution be 
stable when stored in glass bottles? Will the desired 
chemical reaction supply the new product in high yield? 
and so on. Answers to questions like these result in de- 
cisions to continue or abandon many projects, but the 
answers themselves may depend on numerical data on heat 
capacities, thermodynamic activity coefficients, photolysis 
rate constants, or equilibrium constants. If the numbers 
used in calculating the answers are incorrect, some in- 
valid negative answers may be obtained, and potentially 


valuable projects will be abandoned which could have 
succeeded. 

(2) Much more costly (in an immediate sense) are 
research projects that receive the green light on the basis 
of faulty data. When a decision point is passed, the proj- 
ect is usually scaled up. More man-hours are scheduled 
and larger-scale equipment is purchased. If the decision 
to go ahead was invalid, the cost may run to hundreds 
of thousands of dollars, especially in the pilot plant stage. 

(3) Because so many numerical answers are of uncer- 
tain reliability, most industries adopt a procedure of 
gradual scale-up, going successively from bench-scale to 
large laboratory-scale to pilot-plant to semi-works devel- 
opment. These successive expansions help to answer many 
questions and probably could not be eliminated in many 
cases. But with adequate resources of reliable numerical 
data, pilot plant and semi-works operations could be de- 
signed much more efficiently, and the costs reduced by a 
factor of 2 or even 10 in many cases. Only the key points 
of uncertainty would require testing, and the reliability of 
the pilot plant results themselves could be greatly increased. 

(4) A familiar expense in all development and design 
projects is overdesign. Overdesign has two aspects, one 
of which appears to be inevitable. Generous allowances 
for personal safety, expanded use, greater versatility, and 
so on are evidence of good engineering and foresight. But 
overdesign and overconstruction required by unreliable 
input data represent unnecessary and avoidable expense. 
Any program, such as that being organized by the Office 
of Standard Reference Data, which provides greater re- 
liability of data on the properties of materials, can bring 
about substantial economies. Such potential savings are 
greatest in the areas where weight and size are critical 
factors (e.g., aircraft and aircraft components; space 
science and technology; miniature instrumentation; com- 
puter technology; biological and medical analysis; diag- 
nosis, and monitoring. This is often the case in this area 
as the need to overdesign makes the proposed design 
unacceptable because of fuel demands, size, weight, or 
flexibility. 


NCRP Opens Publication Sales Office 


The National Council on Radiation Protection and 
Measurements (NCRP) has recently decided to publish 
future NCRP recommendations under its own auspices. 
The NCRP, formerly the National Committee on Radia- 
tion Protection and Measurements, was chartered by 
Congress in 1964 to collect, analyze, develop, and dis- 
seminate scientific information and recommendations 
about radiation measurement and protection against 
radiation. In the past most of the major reports of the 
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NCRP were published as NBS Handbooks. 

The Council has recently opened an office to handle the 
sale of all NCRP reports. As a service to the users of 
NCRP recommendations, this office will sell the 31 NBS 
Handbooks on radiation protection and measurements. 
(The NBS Handbooks are also available from the U.S. 
Government Printing Office.) For a list of NCRP reports 
and instructions for ordering write: NCRP Publications, 


P.O. Box 4867, Washington, D.C. 20008. 
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Patent Microfilm Service Available 


U.S. and foreign industry may purchase 16 mm micro- 
film copies of all new patents issued by the Patent Office 
in three categories—General and Mechnical, Electrical, 
and Chemical—from the Clearinghouse for Federal 
Scientific and Technical Information. These categories 
contain the patents announced under the same headings 
in the Patent Office’s Official Gazette. 

This step broadens the new microfilm subscription 
service, announced in January, which covers all patents. 
The extension of the service is made possible through 
cooperative arrangements between the Patent Office and 
the Clearinghouse. The complete program is designed 
to save industry thousands of dollars previously required 
to buy, store, and bind complete sets of printed patents. 

Patents will be available from the Clearinghouse by 
category beginning with Patent No. 3,258,799 dated 
July 5, 1966. 

Rates for this service at regular domestic postage are 
$600 per year for the General and Mechnical category, 
and $300 per year for both the Electrical and the Chemical 
categories. Foreign surface mail charges are billed sepa- 
rately. Rates for domestic and foreign air mail will be 
quoted on request. 

The subscription rate for all patents is $830 per year 
($20 additional for foreign mailing, $90 additional for 
foreign air mail). Distribution of the microfilm in in- 
dividual categories or for all patents will be made within 
two weeks after the patents are announced in the Official 
Gazette. 

Orders for the service should be sent with payment to 
the Clearinghouse.* 


NBS Corrosion Reference Available 


Long out of print, Underground Corrosion, a book 


CLEARINGHOUSE 


FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION 


that contains basic reference data found nowhere else, 
has been reproduced in hard copy and is available from 
the Clearinghouse. The book gives data obtained by the 
National Bureau of Standards from 1910 to 1955 in its 
studies of metallic structures buried in soils or in contact 
with soils. 

In these field and laboratory investigations, NBS 
studied what has long been a serious engineering and 
economic problem for public utilities, municipalities and, 
indeed, every nation that moves drinking water and sew- 
age through underground facilities, transports oil and gas 
through pipelines, and buries its communication, signal, 
and power cable systems. 

Underground Corrision provides a useful reference for 
the technician, who is interested in the theoretical aspects 
of underground corrosion, and for the engineer, who may 
be interested only in the practical aspects of the methods 
commonly used for the prevention of corrision. It in- 
cludes many references to industrial studies and field ex- 
periences related to the Bureau’s underground corrosion 
investigations. 

This book was prepared as NBS Circular 579. It may 
be purchased for $6.00 as PB-168 350 UNDERGROUND 
CORROSION from the Clearinghouse. * 


Fast Announcement Service 


Since July 30, 1966, the Fast Announcement service 
of the Clearinghouse has been available on a subscription 
basis only. An annual handling fee of $5.00 is being 
charged to partially offset the cost of the service. This 
service announces recent publications in 57 categories that 
are available from the Clearinghouse. Subscription re- 
quests may be sent to the Clearinghouse. * 


“Orders for publications or requests for information should be addressed 
to: Clearinghouse, U.S. Department of Commerce, Springfield, Virginia 
22S. 


Physical Constants Card May Be Exchanged 


Readers using NBS Miscellaneous Publication 253, 
General Physical Constants Recommended by NAS—NRC, 
are reminded that the newest edition is dated Nov. 1965.1 

The 1965 edition of this wallet-sized card replaces the 
one dated November 1963. Both cards are white plastic, 
but the newer has green printing instead of black. Also, 
the newer one has an important change in the value of the 
first radiation constant (27hc?), C,. The figure given in 
the column headed “value” on the green printed card is 
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3.7415; on the other card it was erroneously given as 
3.7405. 

Persons who have the older card may exchange it for 
the new one free of charge by returning it to the NBS 
Office of Technical Information and Publications, National 


Bureau of Standards, Washington, D.C. 20234. 


1NBS Misc. Publ. 253 (Nov. 1965) may be purchased from the Super- 
intendent of Documents, U.S. Government Printing Office, Washington, D.C. 
20402, for 10 cents each; $6.25 per hundred. 
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PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin, Volume 50, No. 9, September 1966. 15 
cents. Annual subscription: $1.50. 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

Journal of Research of the National Bureau of Standards 
Section A, Physics and Chemistry. Issued six times a year. An- 

nual subscription: Domestic, $5; foreign, $6. Single copy, 
$1.00. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual Subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 7 cents. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 


J. Res. NBS 70A (Phys. and Chem.), No. 5 (Sept.—Oct. 1966), 
$1.00. 

Orientation of calcium molybdate (CaMoQ,) and other single 
crystals having the scheelite structure, E. N. Farabaugh, H. S. 
Peiser, and J. B. Wachtman, Jr. 

Crystal structure of BaGe [Ges:0,] and its relation to benitoite. 
C. Robbins, A. Perloff, and S. Block. 

A rotating cylinder method for measuring normal spectral emit- 
tance of ceramic oxide specimens from 1200 to 1600 °K. 
H. E. Clark and D. G. Moore. 

Electron absorption spectrum of cobalt(II)-doped trisphenan- 
throlinezinc nitrate dihydrate. C. W. Reimann. 

Procedures for homogeneous anionic polymerization. 
Fetters. 

The configurations 4d° + 4d"* 5a in doubly ionized palladium 
group. Y. Shadmi. 


OTHER NBS PUBLICATIONS 


Standard x-ray diffraction powder patterns, H. E. Swanson, M. C. 
Morris, and E. H. Evans, Mono. 25, Section 4 (June 28, 1966), 
59. cents. 


Electrical parameters of precision, coaxial, air-dielectric transmis- 
sion lines, R. E. Nelson and M. R. Coryell, Mono. 96 (June 30, 
1966), $1.25. 


Dimensional metrology. Subject-classified with abstracts, I. H. 
Fullmer, Misc. Publ. 265 (August 1, 1966), $3.00. 


Measures for progress. A History of the National Bureau of 
Standards, R. C. Cochrane, Misc. Publ. 275 (1966), $5.25. 


Interrelations between cement and concrete properties. Part 2. 
Sulfate expansion, heat of hydration, and autoclave expansion, 
R. L. Blaine, H. T. Arni, and D. N. Evans, Bldg. Sci. Series 5, 
Pt. 2 (July 1, 1966), 35 cents. 

Southern pine plywood, Comm. Std. CS259-63 (as amended thru 
Feb. 1, 1966) (Nov. 15, 1963), 15 cents. 

Expanded vinyl fabrics for furniture upholstery use, Comm. Std. 
CS273-65 (Dec. 31, 1965), 10 cents. 

Information handling in the National Standard Reference Data 
System, F. L. Alt, Tech. Note 290 (July 1, 1966), 25 cents. 

A bibliography on ion-molecule reactions. January 1900 to March 
1966, F. N. Harllee, H. M. Rosenstock, and J. T. Herron, Tech. 
Note 291 (June 28, 1966), 30 cents. 

The viscosity and thermal conductivity coefficients of dilute argon 
between 100 and 2000 °K, H. J. M. Hanley, Tech. Note 333 
(March 11, 1966), 25 cents. 


Zonal harmonics in low frequency terrestrial radio wave propaga- 
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tion, J. R. Johler, Tech. Note 335 (Apr. 13, 1966), 25 cents. 
(Formerly the Central Radio Propagation Laboratory of the 
National Bureau of Standards, now the Environmental Science 
Services Administration, Boulder, Colorado.) 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practicable. For completeness, earlier references not 
previously reported may be included from time to time. 


CHEMISTRY 

Acids, bases, and buffers, R. G. Bates (Proc. Symp. Current Con- 
cepts of Acid-Base Measurements, New York Academy of 
Sciences, New York, N.Y., Nov. 23, 1964), Ann. N.Y. Acad. 
Sci. 133, Art. 1, 25-33 (1966). 

Comparative strengths of aliphatic acids and some other carboxylic 
acids in benzene at 25°, M. M. Davis and M. Paabo, J. Organic 
Chem. 31, 1804-1810 (1966). 

Crystal chemistry of calcium phosphates, W. E. Brown, Proc. 1964 
Technical Session on Cane Sugar Refining Research, New Or- 
leans, Louisiana, Nov. 9-10, 1964, pp. 26-34 (Agriculture Re- 
search Service, New Orleans, Louisiana, Mar. 1966). 

Emission spectrometry, M. Margoshes and B. F. Scribner, Anal. 
Chem. 38, No. 5, 297R-310R (Apr. 1966). 

Equilibrium pressures of oygen over oxides of lead at various tem- 
peratures, E. M. Otto, J. Electrochem. Soc. 113, No. 6, 525-527 
(June 1966). 

Liquid immiscibility in the rare earth oxide-boric oxide systems, 
EK. M. Levin, Phys. Chem. Glasses 7, No. 3, 90-93 (June 1966). 

Low-frequency motions and barrier to rotation in phosphonium 
iodide, J. J. Rush, J. Chem. Phys. 44, No. 4, 1722-1723 (Feb. 15, 
1966). 

Matrix-isolation study of the infrared and ultraviolet spectra of the 

free radical CNN, D. E. Milligan and M. E. Jacox, J. Chem. 

Phys. 44, No. 8, 2850-2856 (Apr. 15, 1966). 

Microwave spectra of alkali hyroxides: evidence for linearity of 

CsOH and KOH, R. L. Kuczkowski, D. R. Lide, Jr., and L. C. 

Krisher, J. Chem. Phys. 44, No. 8, 3131-3132 (Apr. 15, 1966). 


Neutron and infrared spectra of HCrOz and DCrO:, J. J. Rush and 
J. R. Ferraro, J. Chem. Phys. 44, No. 6, 2496-2498 (Mar. 15, 
1966). 

Structure of cubic ammonium fluosilicate: neutron-diffraction and 

neutron-inelastic scattering studies, E. O. Schlemper, W. C. 

Hamilton, and J. J. Rush, J. Chem. Phys. 44, No. 6, 2499-2502 

(Mar. 15, 1966). 


ENGINEERING AND INSTRUMENTATION 


Application of sulfur coatings to integrating spheres, S. T. Dunn, 
Appl. Opt. 4, No. 7, 877 (July 1965). 

Simple contact type temperature controller, L. A. Marzetta, Rev. 
Sci. Instr. Note 37, No. 6, 789 (June 1966). 

Some statistical properties of pulses from photomultipliers, 
M. Gadsden, Appl. Opt. 4, No. 11, 1446-1452 (Nov. 1965). 

Use of an auxiliary sphere with a spectrophotometer to obtain abso- 
lute reflectance, D. G. Goebel, B. P. Caldwell, and H. K. Ham- 
mond, J. Opt. Soc. Am. 56, No. 6, 783-788 (June 1966). 


MATHEMATICS 


Anniversaries in 1965 of interest to statisticians, C. Eisenhart, Am. 
Stat. 19, No. 5, 21-29 (Dec. 1965). 

The assumptions underlying the analysis of variance, C. Eisenhart 
(Spanish Translation by Jose Otaduy), Book, Sobre el Analisis 
de la Variancia, pp. 1-24 (Comision de Educacion Estadistica 
del Instituto Interamerican de Estadistica, Rosario, Argentina, 
1953) . 
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A nomogram for determining azimuth and horizontal trace velocity 
from tripartite measurements, H. Matheson, Earthquake Notes 
XXXVII, No. 1, 33-37 (March 1966). 


Correction in the laboratory measurement of the rate constant for 
N.*+0.>N.+0.+ at 300 °K, F. C. Fehsenfeld, A. L. 
Schmeltekopf, and E. E. Ferguson, Planetary Space Sci. 13, 919- 
920 (September 1965) . 


Debye relaxation in symmetric-top-foreign-gas mixtures; tempera- 
ture dependence of collision cross sections, L. Frenkel, S. J. 
Kryder, and A. A. Maryott, J. Chem. Phys. 44, No. 7, 2610-2619 
(Apr. 1, 1966). 

Demountable high power source for soft x-ray region, R. D. 
Deslattes and B. G. Simson, Rev. Sci. Instr. 37, No. 6, 753-754 
(June 1966). 


Electromagnetic wave propagation and relativistic damping effects 
in a uniformly magnetized electron-positron gas, L. A. Steinert, 


Ii Nuovo Cimento 40, No. 10, 345-374 (December 1965). 


Energy gap of superconducting tin films in a magnetic field, R. S. 
Collier and R. A. Kamper, Phys. Rev. 143, No. 1, 323-328 
(October 1966). 


EPR spectrum of gas-phase sulfur atoms, R. L. Brown, J. Chem. 
Phys. 44, No. 7, 2827-2828 (Apr. 1, 1966). 


Extended dislocation nodes in a silver-tin alloy, L. K. Ives and A. 
W. Ruff, Jr., J. Appl. Phys. 37, No. 4, 1831-1837 (Mar. 15, 1966). 


Force fields for group IV tetrafluorides and group V trifluorides, 
I. W. Levin and S. Abramowitz, J. Chem. Phys. 44, No. 7, 2562- 
2567 (Apr. 1, 1966). 

Gas density stabilizer for flow proportional counters, R. D. 
Deslattes, B. G. Simson, and R. E. LaVilla, Rev. Sci. Instr. 37, 
No. 5, 596-599 (May 1966). 

Inelastic scattering cross sections for 20-keV electrons in Al, Be and 
polystyrene, N. Swanson and C. J. Powell, Phys. Rev. 145, No. 
1, 195-208 (May 6, 1966). 

Influence of an external magnetic field on nuclear resonance in 
ferromagnetic materials, L. H. Bennett, J. Appl. Phys. 37, No. 3, 
1242-1243 (Mar. 1, 1966). 


Longitudinal magnetoresistance of copper, R. L. Powell, Low Temp. 
Phys. LT-9, Pt. B, 732-735 (1965). 

Measurement of absolute wavelength stability of lasers, K. D. 
Mielenz, R. B. Stephens, K. E. Gillilland, and K. F. Nefflen, J. 
Opt. Soc. Am. 56, No. 2, 156-162 (Feb. 1966). 


Measurement of the 633-nm wavelength of helium-neon lasers, 
K. D. Mielenz, R. B. Stephens, K. E. Gillilland, K. F. Nefflen, 
and R. B. Zipin, Appl. Phys. Letters 7, No. 10, 277-279 (Nov. 
1965). 


Methods of determining coriolis zeta constants, S. Abramowitz and 
I. W. Levin, J. Mol. Spectry, 19, No. 4, 461-462 (Apr. 1966). 
On the definition of the stacking-fault energy in binary alloys, R. 

deWit and R. E. Howard, Acta. Met. 14, No. 3, 431-433 (1966). 


Plasmon damping metals, B. W. Ninham, C. J. Powell, and N. 
Swanson, Phys. Rey. 145, No. 1, 209-217 (May 6, 1966). 


Polycrystalline spin wave theory of ferro-magnetic resonance com- 
pared with the tilting experiment, A. S. Risley, E. G. Johnson, 
and H. E. Bussey, J. App. Phys. 37, No. 2, 656-668 (Feb. 1966). 

Possible nuclear contribution to thermal expansion, E. C. Hirsch- 


koff and N. N. Wolcott, Proc. Phys. Soc. 86, No. 6, 1372 (1965). 


Possible observation of In nuclear electric hexadecapole transi- 
tions, R. J. Mahler, L. W. James, and W. H. Tantilla, Phys. 
Rev. Letters 16, No. 7, 259-261 (Jan. 3, 1966). 

Random-walk method for calculating correlation factors: Tracer 
diffusion by divacancy and impurity-vacancy pairs in cubic 
eye R. E. Howard, Phys. Rev. 144, No. 2, 650-651 (Apr. 15, 

966). 


Relaxations in polyethylene: Orientation of the lamellar crystals, 
R. K. Eby and J. P. Colson, J. Acoust. Soc. Am. 39, No. 3, 506— 
510 (Mar. 19, 1966). 


Role of surface diffusion in stabilizing the surface of a solid grow- 
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ing from solution or vapor, S. R. Coriell and R. L. Parker, J. 
Appl. Phys. 37, No. 4, 1548-1550 (Mar. 15, 1966). 


Shock wave propagation in cubic lattices, D. H. Tsai and C. W. 
Beckett, J. Geophys. Res. 71, No. 10, 2601-2608 (May 15, 1966). 


Some applications of the wave front shearing interferometer, J. B. 
Saunders, Japanese J. Appl. Phys. Suppl. I, 4, 99-105 (1965). 
Superconducting behavior of indium-lead alloys, S. Gygax, J. L. 

Olsen, and R. H. Kropschot (Proc. [Xth Intern. Conf. Low 
Temperature Physics, Columbus, Ohio, Aug. 31-Sept. 4, 1964), 
Book, Low Temperature Physics LT9, Pt. A, Ed. J. G. Daunt, 
D. O. Edwards, F. J. Milford, and M. Yaqub, pp. 587-590 

(Plenum Press Inc., New York, N.Y., 1965). 


Superconductivity in ceramic, mixed titanates, H. P. R. Frederikse, 
J. F. Schooley, W. R. Thurber, E. Pfeiffer, and W. R. Hosler, 
Phys. Rev. Letters 16, No. 13, 579-581 (Mar. 28, 1966). 


The measurement of homogeneity of optical materials in the visible 
and near infrared, F. W. Rosberry, App. Opt. 5, No. 6, 961-966 
(June 1966). 


The optical constants of some oxide glasses in the strong absorp- 
tion oR G. W. Cleek, Appl. Opt. 5, No. 5, 771-775 (May 
1966). 

Three-body photodisintegration of He*, H. M. Gerstenberg and J. S. 
O’Connell, Phys. Rev. 144, No. 3, 834-838 (Apr. 22, 1966). 


Two-state model for the free volume of vitreous B2O;, P. B. Macedo, 
W. Capps, and T. A. Litovitz, J. Chem. Phys. 44, No. 9, 3357- 
3364 (May 1, 1966). ; 


Use of ellipsometry in the study of corrosion, J. Kruger, Corrosion 
22, No. 4, 88-97 (April 1966). 

Wave propagation in a three-element linear spring and dashpot 
model filament, J. C. Smith, J. Appl. Phys. 37, No. 4, 1697-1704 
(Mar. 15, 1966). 


RADIO SCIENCE 


Perturbation theorems for waveguide junction, with applications, 
D. M. Kerns and W. T. Grandy, IEEE Trans. Microwave Teor. 
Tech. MTT—14, No. 12, 85-92 (February 1966). 


*Publications for which a price is indicated are available by pur- 
chase from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (foreign postage, one- 
fourth additional). The NBS nonperiodical series are also avail- 
able from the Clearinghouse for Federal Scientific and Technical 
Information, Springfield, Va. 22151. Reprints from outside 
journals and the NBS Jounal of Research may often be obtained 
directly from the authors. 


CLEARINGHOUSE BIBLIOGRAPHIC JOURNALS** 


U.S. Government Research & Development Reports. Semi- 
monthly journal of abstracts of R & D reports on U.S. Government- 
sponsored projects and list of current projects. Annual subscrip- 
tion (24 issues): Domestic, $30; foreign, $37.50. Single copy, 
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